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TECOLOTE
RESEARCH, INC.

m Typical steps in an uncertainty analysis
m Model Overview
e WBS, methods, variables, uncertainty
e Statistical Risk Reports

» Statistics, Correlation, Allocation
m Cost Risk Reports
e Pareto, Tornado, Variance Analysis (also called “sensitivity”)
e Exploit these charts to find cost and variance drivers

e Relationship to risk allocation results (used to propose a
budget)

® Summary

PR-74, 28 Mar 2011 Approved for Public Release 2 of 31



Cost Risk Rep@ms

RESEARCH, INC.

m Different opinions on what a cost driver is:
e The WBS element that contributes the most to the total

e The variable (labor rate, weight, etc) that has the most influence on
total cost

m SCEA’s “Body of Knowledge” defines:
e Cost Passenger: WBS elements with the highest dollar value

e Cost Driver: those design decisions and requirements, especially at
a system level, that truly drive or influence cost

e By extension, we can use the same definitions to describe a
variance passenger (WBS element) and variance driver (input)

m Cost Risk Reports are those that help you identify your
cost risk drivers

PR-74, 28 Mar 2011 Approved for Public Release 3 of 31
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m Pareto Chart: identifies WBS
elements that contribute most to
the target row total

m Tornado/Spider Chart:
identifies the uncertain variables
that most influence the target row

total

m Variance Analysis (Rollup):
identifies WBS elements that

contribute most to the target row

uncertainty

m Variance Analysis (Driver- not
shown but similar in appearance to

RollUp): identifies the defined
distributions that contribute most
to the target row uncertainty

T0% Lvl 2 Backload
Production Phase

Guidance and Control (31)

Airframz (30}
Initia]l Spares (39)

Training (36)

Eng Changes (33}
Propulsion (29}
Peculiar Support Equip (38}

Payload (28)

0 570,000 5140,000
TYSH

$300 200

70% Lvi 2 Backload
Production Phase ($964,679)
At 10%, 90% confidence levels

TYSK
3552000 3360000 3553 000 21022000 51050000

70% Lvl 2 Backload
Production Phase
WES rollup elements

seruce
Guidanoe and Control (31) _

Airframe (30} -

Training (38} .

Initial Sparas (39) -

Eng Changes (33} -

Peculiar Support Equip (38) ’
Data (37) ’

Praputsion (28) |

PR-74, 28 Mar 2011

Payload (28) i

Accounts for element to element correlation
Calculated with 5000 iterations
Relative Contribution

0% 10% 20% 30% 40% 50% ©60% 70% &0% 90% 100%

Approved for Public Release
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Build
the
Point Estimate

correlations to

Assign uncertainty and

methods and inputs

Pareto can be
performed on a
point estimate.

It can also be
performed on a
risk adjusted
estimate!

PR-74, 28 Mar 2011

The Path To Various Reports

WBS
Elements that
Contribute
Most to Total
Cost

Pareto

Generate Phased:

Successful BY $
Simulation TY $
TY Risk Allocated
\_//i
v
Find WBS el_ements Cost Risk Find Varla_tbles
that contribute that contribute
most to total: Reports most to total:

—> Cost >—>< Pareto Tornado><—< Cost |€
—> Variance>—>< Rollup Driver ><—<Variance <«
Approved for Public Release 5 of 31




m We have the tools to find the key cost and uncertainty
drivers

B But, is the search influenced by
e type of dollars reported (ie. BY vs TY)?

e risk allocation choices we make?

> WBS level we choose to allocate from
> confidence level

m Are the considerations different for each cost risk
report?

B Even if we settle on the “best” way to perform the
search, is it possible? Is it feasible?

m Let’s embark on a search

PR-74, 28 Mar 2011 Approved for Public Release

e COSE and Uncertainty @@mmbw&@ns

6 of 31



Create the Risk Model

TECOLOTE
RESEARCH, INC.

. WBS
Build Elements the
the —>] Contribute Pareto
Point Estimate Mostio Totg
|
|
Assign uncertainty and
correlations to -—>[ }—>
methods and inputs i
\_I/._
v v

PR-74, 28 Mar 2011 Approved for Public Release 7 of 31



v AFCAA CRUH Missile Model

- -
TECOLOTE
RESEARCH, INC.
=-Z Missile zystem ¥ DEVELOPMEMNT wARIABLES
WB S =X Sys Devand Demo In p uts » Stant Sys Dewv and Demo (500

» =DD Duration (Manths)

B Mr‘v“eh{cle . Endof 20D
Design & Dew » Protoype Cuantity
F’rn:utn:utypes » Development Leaming Slope
Software » Step Increase owver Prod Cost
ooy banmonths
SEPM . SW Lahor Rate (§/manth)
=ys Test & Ewval . SEPM Headcount
+ Training » oEPM Labor Rate ($,/mao)
Diata ¢+ Sws TestBEval Factor
) + Training Factar
Support Equip . Data Factor

» Suppor Equip Factar

Target for analySIS > - Z Froduction Fhase

in this presentation T3 A vehide % PRODUCTION YARIABLES
¢ Froduction Start Date

F"Et}.-fh:IEu:.i + Froduction Quantity
Fropulsion » Production Stop Date
+ Alrframe » Production Learming Slope
Guidance and Control + WarheadWeight (lbs)
+ MotorWeight (lbs)

o IATEC . Airfrarme Weight (1bs)
Eng Changes , IATC Hrs/Unit
SEFk » Manuf Labar Rate
Sys Test & Eval » Eng Changes Factor

+ Training + SEPM Pactor
» Training Factar
Diata » Data Factor
Feculiar support Equip + PSE Factor
Initial Spares o Initial Spares Factor

PR-74, 28 Mar 2011 Approved for Public Release 8 of 31



Successful Simulation

TECOLOTE
RESEARCH, INC.

Successful
Simulation

< >
LT > > e

PR-74, 28 Mar 2011 Approved for Public Release 9 of 31
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3.0%

2.5%

2.0%

1.5%

1.0%

ABS % Different from 10000 result

0.5% -

0.0% -

Program of Record

Missile System S > M:>s:ie S‘vsrem o

= X Sys Dev and Demo

CVv=0.236

¥ X A Vehicle
SEPM
Sys Test & Eval
Training

Data
‘ Suppon Equip

'l s £ Production Phase
# X Air Vehicle
Eﬂg C hanges

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Iterations

—50% ====70% — = 95%

.0%

Determine Itemtﬁ@ms Reqmﬁ:fedl

Program of Record
Production Phase
CV=0.239

2.0%

1.5%

1.0%

ABS % Different from 1000

0.5%

0.0% -

r=

p———

—_—

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Iterations
====70%

50% — = 95%

A Convergence Chart will yield a different result depending on the target!

5,000 iterations appears to be adequate! to evaluate the Production Phase

backup slide)
Must reassess if model changes

If convergence is not achieved, need to re-run the analysis using > 10k iterations (see

"How Many lterations Are Enough?, Alfred Smith, Tecolote Research, Joint SCEA/ISPA Annual Conference, June 2008

PR-74, 28 Mar 2011

Approved for Public Release
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Generate Reports

TECOLOTE
RESEARCH, INC.

Generate Phased:

_,[ }_, BY $
TY $ -
TY Risk Allocated $ |~
I

|
S -
Dz

PR-74, 28 Mar 2011 Approved for Public Release 11 of 31
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Risk Statistics Reports

B Risk Statistics
e Particularly interested in CV at this point

WBS/CES Point Estimate | Mean | StdDev | CV |5.0% Level| 10-0% | 15.0% 1 20.0
Level Level Levq
14  |Missile System $ 718,557 (13%) $979.884 §$243945 0249 $640,927 $690,594 $ 731,888 $ 767
15 Sys Devand Demo | $ 170,002 (27%) $ 226,409 $ 84,160 0372 $ 125405 $ 139,752 $ 150444 $ 158
16 Air Vehicle $ 115,178 (32%) $147.406 $56.800 0386 $79525 $89349 $96010 $ 102
17 Design & Dev $ 26,506 (25%) $31,920 $6,901 0216 $22019 $23523 $24676 $25
18 Prototypes $ 10,328 (20%) $15942 $6323 0397 $7321 $8621 $9504 $10
14 Snfhwars ¢ T8 244 (ANOHY ¢ aq 548 ¢ 59 443 0527 & 20 3724 & AT 204 & 52 840 ¢ 58
m Correlation Report
e Measure what is present and adjust as required
Row 31: )
. WBS/CES Row 28:| Row 29: |Row 30: |Guidance|Row 32: R[g';]?'z' Row 34:
Production = Payload Propulsion|Airframe| and | IAT&C 9 | sEpM
Changes
Control
28 |Payload 1.00 032 033 024 043 030 0.2¢
29 |Propulsion 1.00 026 0.19 023 029  0.2¢
30 |Airframe 1.00 019 026 040  0.3¢
31 |Guidance and Co 1.00 0.13 0.57 0.5C
32 |IAT&C 100 020 0.1¢
33 |Eng Changes 1.00 047
34 |SFPM . 100
PR-74, 28 Mar 2011 Approved for Public Release 12 of 31
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®m Why do we produce a phased risk allocation report?

e Statistics reports are on the totals, not annual

e Specific confidence level results do not sum

m Risk allocation reports tabulate phased risk results at a user

selected confidence level, and force the annual results to sum

Phased Risk Allocation Report

e Example below illustrates results when user selects 70% at the 2" level in the WBS

PR-74, 28 Mar 2011

Procurement
Manufacturing (Air Force)

$ 530,46€(70%))

$ 240,742 (66%)

-

Approved for Public Release

Cost Element Approp Total FY 2010  FY 2011 FY 2012 | FY 2013 = FY 201
2 Total $ 620849 (~71%)| $1299 $1860 $6788 $13594 $23
3 RDT&E $9039Q (70%) $1299 $1860 $6788 $13594 $23°
4 Concept Refinement $ 1,318 (69%) $ 1,296 $ 22
5 Technology Development $ 5,529 (70%) $ 1,835 $ 3,694
6 System Development and D $ 83,535 (69%) $3 $3 $3004 $13594 §$23-
7
8
9
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Compare Phased Results

u ACE 7.1a - [AUCHowToRiskExample12Jan09.aceit - BY Phased Costs (FY2009 $K, Time Phased, Case: Point Estimate, with Risk)]

L OX

-8 X

PE

$531k —

u ACE 7.1a - [AUCHowToRiskExample12Jan09.aceit - BY Phased (FY2009 $K, Time Phased, Case: Point Estimate, 70% CL allocated at Level 1)]

[ Fle Edt Vew Calc Window Help g 0
{0 03 352 8@ Point Estimate
Cost Element Approp Total FY 2010 | FY 2011 | FY 2012 | FY 2013 | FY 2014 | FY 2015 | FY 2016 @ FY 2017 | FY 2018 FY d
15 |Total $ 530,935 (30%)| $1.005 $1437 $5217 $10,124 $16.860 $25319 $25937 $22003 $22464 $
16 RDT&E $ 67,470 (10%)| $1,005 $1437 $5217 $10124 $16,860 $25319 §$7,500 =
17 $ 1,020 (14%)| $ 1,003 $17
echnology Development $ 4,270 (15%) $1417 $2853
19 System Development and D $ 62,180 (11%) $2 $2 $2364 $10,124 $16,860 $25319 $7.509
20
21 Procurement $ 463,465 (37%) $18428 $22003 $22464 §
Manufacturing (Air Force) $ 218,803 (41%) $2438 $5914 $4129 ¢

70%, 15t Lvl

$617k

u ACE 7.1a - [AUCHowToRiskExample12Jan09.aceit - BY Phased (FY2009 $K, Time Phased, Case: Point Estimate, 70% CL allocated at Level 2)]

70% Allocated from the 2nd |evel

! Fle Edit View Calc Window Help
N EH SR e

() Fle Edt View Calc Window Help 0 st -8Xx
IR St 70% Allocated from the 15! level
Cost Element Approp Total FY 2010 | FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017 FY 2i =

15 |[Total $ 617;04 $ 1,202 $ 1,850 $6,749 $13515 $22978 $33523 §$31956 §$27649 §2

16 RDT&E $ 89,805 Ye0H $1292  $1,850 $6,749 $13515 $22978 $33523  $9898

17 Conc $ 1,311 (68%) $ 1,280 $ 22

echnology Development $ 5,499 (68%) $ 1,825 $ 3,674

19 System Development and D $ 82,996 (68%) $3 $3  $3,076 $13515 $220978 $33523  $9898

20

21 Procurement $ 527,239 (68%) $22.058 $27649 $2

22 Manufacturing (Air Force) $ 239,591 (66%) $ 2617 $ 8,103 $¢:

70%, 2nd Lvl

$621k

PR-74, 28 Mar 2011

Cost Element Approp Total FY2010 FY2011 FY2012  FY2013 @ FY2014 FY2015 FY 2016 | FY 2017 FY =
2 |Total $ 620,849 ( $1299 $1,860 $6,788 $13504 $23123 $33,744 $32229 $27,888 $:
3 RDT&E $ 90,384 $1299 $1860 $6,788 $13504 $23123 $33744  $9974
4 Con $1,318 $ 1,296 $ 22
echnology Development $ 5,529 (70%) $ 1,835 $ 3,694
6 System Development and D $ 83,535 (69%) $3 $3  $3,004 $13594 $23123 $33744  $9,974
7
8 | Procuroment $ 530:46 Allocating from further down the WBS causes
9 Manufacturing (Air Force) $ 240,742 (08%) . o/
Total to increase when % is above the mean!
Approved for Public Release 14 of 31



Find the Cost Drivers

TECOLOTE
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{Simaanon _

\_l/—
. 2

Cost Risk Find Variables
that contribute
Reports

most to total:

) )— Tornado »«—< Cost [«
—

Damt -

PR-74, 28 Mar 2011 Approved for Public Release 15 of 31




“What Does A Tornado Chart Tell You?

TECOLOTE
RESEARCH, INC.

m Select the element to analyze
(target row)

= Tornado RISK Alloc TY

m Tool identifies all elements that
influence the target row result Data | Rows | Options | Diivers|

Selected Row

e focus on those elements of interest

= § *DETAILED ESTIMATE
= #0 Missile System

m Alow and high what-if is

calculated for each driver * % Sys Devand Demo
= ® Production Phase
e 1000 drivers means 2000 what-if 0 Air Vehicle
cases %0 Eng Changes
%0 SEPM
m The Tornado chart plot identifies 50 Sus Test & Fual

those drivers that have the most
Influence on the target row

PR-74, 28 Mar 2011 Approved for Public Release 16 of 31
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Not Recommended

Program of Record
Production Phase ($548,555)
At 10%, 90% confidence levels

BY2011 $K
$500,000 $540,000  $580,000  $620,000  $660,000  $700,000

SEPM Factor (69)
Guidance and Control (86)
Airframe Weight (Ibs) (65)

Training Factor (70)

Eng Changes Factor (68)
Airframe (85)

Initial Spares Factor (73)
Propulsion (84)

IAT&C (87)

Payload (83)

m Tornado based on:

e 10/90 bounds of inputs that
influence the Production Phase

e BY dollars - does not account for

time phasing of dollars

Better

Program of Record

Production Phase ($628,394)
At 10%, 90% confidence levels

TY $K

$550,000  $600,000  $650,000  $700,000  $750,000  $800,000

SEPM Factor (69)
Guidance and Control (86)
Airframe Weight (Ibs) (65)

Training Factor (70)

Eng Changes Factor (68)
Airframe (85)

Initial Spares Factor (73)
SDD Duration (Months) (44)
Propulsion (84)

IAT&C (87)

m Same Tornado in TY$
e A better choice, accounts for

phasing

e SDD Duration does not affect BY$
results, but it does affect TY!

PR-74, 28 Mar 2011 Approved for Public Release

17 of 31
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B Run the Tornado against the risk allocated results

m Process should:

e Evaluate a new risk allocated case based for the lower and upper
bound of each variable to be examined

Rﬁsk Allmted Reswlﬁ?
m Create arisk allocated result based upon the percentile
you plan to use as the basis for your budget

e Remember to evaluate the TY risk allocated result (not BY)

'.-
|

e The simulation will need to run twice for each variable examined
(low and high)

Target How Results

PR-74, 28 Mar 2011

Approved for Public Release

Drivers [exlcuding Rollup, Z2en Bow | Delta B 955 | Point Estimate L 953
Airfrarme ‘Weight [Ibz] [B5] B5 $10E,311 $318.788)  $1.025.093 269.7010 2311232 471.3310]
Guidance and Contraol [26] ok $69.234 £951.053)  $1.020,547 1.20 095 1.38'
SEPM Factor [E39) B3 tB2.752 $345.847)  $1.008.E00 042 0115 D.EEEI

18 of 31



=  TY Point Estimate vs TY Risk Allocated

RESEARCH, INC.

Not Recommended

Program of Record
Production Phase ($628,394)
At 10%, 90% confidence levels

TY $K

$550,000  $600,000  $650,000  $700,000  $750,000  $800,000

SEPM Factor (69)
Guidance and Control (86)
Airframe Weight (Ibs) (65)

Training Factor (70)

Airframe (85)

Initial Spares Factor (73)

SDD Duration (Months) (44)

Propulsion (84)

IAT&C (87)

m Based on Point Estimate in TY$

m Several significant differences
when compared to Tornado based
upon arisk allocated result

Recommended

Airframe Weight (Ibs) (65)
wance and Control (86)
SEPM Factor (69)

Training Factor (70)

/ Initial Spares Factor (73)
SDD Duration (Months) (44)
Manuf Labor Rate (67)
Airframe (85)

PSE Factor (72)

Data Factor (71)

70% Lvl 2 Backload
Production Phase ($964,679)
At 10%, 90% confidence levels

TY $K

$900,000  $930,000  $960,000  $990,000 $1,020,000 $1,050,000

| LN ngh 120% of PE

|
| Sched/Tech Penalty |
|

| Tri based on Values

| Tri based on % of PE |

| Tri based on % of PE |

| Tri based on Values |

|‘ LN High iZO% of PE |

Sched/Tech Penalty |

Tri based on % of PE |

Tri based on % of PE |

m Based on Risk Alloc Casein TY$

e 70%

PR-74, 28 Mar 2011 Approved for Public Release

conf Ivl, allocated from the 2" |level
in the WBS, back loaded

e Review how uncertainty is modeled in the
key drivers to verify results are logical

19 of 31
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B Run both the Point Estimate TY$ and the Risk
Allocated case in TY$

B Note the differences to influence your identification
of cost drivers

m For this model:

e Must use TY$ report to ensure methods driven by schedule
elements are properly assessed (i.e., SDD duration)

e Airframe is the top cost driver if we think the uncertainty will scale
with the point estimate

e Our model of Schedule/Technical penalty for Guidance and
Control is the second most important regardless of which
Tornado is generated (even BY$)

e 10/90 bounds to define the Tornado analysis is a common
standard, but worthy of debate (vs 80/20 or some other combination)

PR-74, 28 Mar 2011 Approved for Public Release 20 of 31
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{Simaanon

\—I/_

Uncertainty Driver Reports

2

Find WBS elements Cost Risk

that contribute
most to total:

Reports

v

Find

Variables

that contribute
most to total:;

o>

—> Variance>—>< Rollup

Driver

>
>

PR-74, 28 Mar 2011 Approved for Public Release

Variance

21 of 31




TECOLOTE
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m Variance Analysis (Rollup):
identifies WBS elements that
contribute most to the target row

—3

uncertainty

e Closed form analytic solution
n k-1

Total Cost Variance = ch +zzzpﬂrc O
k=2 j=1

e \Where: o is standard deviation and
p is correlation

(when all p=0, becomes simple sum of variances)

B Variance Analysis (Driver): >
identifies the distributions defined
anywhere in the model that contribute
most to the target row uncertainty

e derived by comparing rank correlation
of input distributions to target output

PR-74, 28 Mar 2011 Approved for Public Release

Uncertainty Im

70% Lvl 2 Backload
Production Phase
WBS rollup elements
Accounts for element to element correlation
Calculated with 5000 iterations

Relative Contribution

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

SEPM (34) _
Guidance and Control (31) _
Airframe (30) - i i i i i i i
Training 55) [ WBS Element contribution to

Initial Spares (39) -

Eng Changes (33) .
Peculiar Support Equip (38) I
Data (37) l

Propulsion (29) I

Payload (28) |

Production Phase variance.

A true relative contribution
can be calculated.

70% Lvl 2 Backload
Production Phase
All drivers with distributions, based on Rank
Accounts for correlation between drivers
Calculated with 5000 iterations
Partial Rank Correlation Coefficient

0.00 010 0.20 0.30 040 050 060 070 0.80 0.90 1.00
sepv Fecor oo) N
Guidance and Control (86) _ |

Eng Changes Factor (68) _
Training Factor (70) _

Initial Spares Factor (73) _
PSE Factor (72) -

Airframe Weight (Ibs) (65) _
IATC Hrs/Unit (66) -

SDD Duration (Months) (44) -

Data Factor (71) _

Cost Driver Variable
contribution to Production
Phase variance.

Relative contribution is
estimated by calculating the
correlation with the target
output.

22 of 31




Key Contributors to Total Um@em mw

RESEARCH, INC.

B Uncertainty distributions are assigned to:
e cost method uncertainty
e cost method inputs

B The objective of a “Variance Analysis” is to find the
most important contributors to the Total uncertainty

B Should examine different types:

e WBS Rollup: Find WBS elements that contribute the most to total
uncertainty (cost passengers)

e All Drivers: Find distributions anywhere in the model (methods or inputs)
that contribute the most to total uncertainty

e Some Drivers: Consider a specific subset of distributions in the model

» For instance, examine only those distributions assigned to input
variables (cost drivers)

» Similar to a Tornado analysis targeting input variables (thus can be a
source of further confusion)

PR-74, 28 Mar 2011 Approved for Public Release 23 of 31
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{Simiaon) I
2 \_I/_ v

Find WBS elgments Cost Risk
that contribute
Reports

most to total:

—>| Cost >—><Pareto ><—< <
)<

—> Variance>—>< Rollup

PR-74, 28 Mar 2011 Approved for Public Release 24 of 31
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TECOLOTE
RESEARCH, INC.

70% Lvl 2 Backload
Production Phase
WBS rollup elements
Accounts for element to element correlation
Calculated with 5000 iterations

Relative Contribution
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

SEPM (34) _

Guidance and Control (31) _

Airframe (30) -

Training (36) -

Initial Spares (39) -

Eng Changes (33) .
Peculiar Support Equip (38) I
Data (37) I

Propulsion (29) I

Payload (28) |

Guidance and Control (31)
SEPM (34)

Airframe (30)

Initial Spares (39)

Training (36)

Eng Changes (33)
Propulsion (29)

Peculiar Support Equip (38)
Payload (28)

Data (37)

70% Lvl 2 Backload
Production Phase

$0 $70,000  $140,000  $210,000

TY $K

$280,000  $350,000

m WBS Rollup (left) is not in same order as the Pareto (right)

m Can we make sense of this? Should there be a relationship?

Approved for Public Release

25 of 31
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SEPM (34)

Guidance and Control (31)
Airframe (30)

Training (36)

Initial Spares (39)

Eng Changes (33)

Peculiar Support Equip (38)
Data (37)

Propulsion (29)

Payload (28)

70% Lvl 2 Backload
Production Phase

$0 $70,000  $140,000  $210,000
TY $K

D@IIars by Element

SEPM (34)

Guidance and Control (31)

Airframe (30)

Training (36)

Initial Spares (39)

Eng Changes (33)

Peculiar Support Equip (38)

Data (37)

Propulsion (29)

Payload (28)

Program of Record
Production Phase

$0 $50,000  $100,000 $150,000 $200,000  $250,000
TY $K

Create a Pareto Risk Allocated (left) and Point Estimate (right), both in TY$
Sort elements to same order as Rollup Variance chart to facilitate comparison
Left-Right = Risk $, use this to create a Pareto based upon % contribution

PR-74, 28 Mar 2011

Approved for Public Release
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&@Rﬁsk$

Easier to Explain

Both Tell The Same Story

Easier to Perform

70% Lvl 2 Backload Pareto
Production Phase

Relative Contribution to TY RISK$

Relative Contribution to TY RI$K $

0% 10% 20% 30% 40% 50%

SEPM (34) _
Guidance and Control (31) _
Airframe (30) [

Training (36) -

Initial Spares (39) [
Eng Changes (33) .
Peculiar Support Equip (38) I
Data 37) |

Propulsion (29) I

Payload (28) ||

60%

70%

80%

90%

100%

70% Lvl 2 Backload
Production Phase
WBS rollup elements
Accounts for element to element correlation
Calculated with 5000 iterations

Relative Contribution

30% 40% 50% 60% 70% 100%

80% 90%

0% 10% 20%

SEPM (34) i_i | |

Guidance and Control (31) _

Airframe (30) -

Training (36) -

Initial Spares (39) -

Eng Changes (33) -
Peculiar Support Equip (38) I
Data (37) I

Propulsion (29) |

Payload (28) |

m General agreement; anomalies are likely due to allocation process
m Rollup Variance Analysis identifies WBS elements that contribute

most to Risk Dollars

PR-74, 28 Mar 2011

Approved for Public Release
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PR-74, 28 Mar 2011

\_I/_

v

that contribute

Cost Risk [ Find Variables

Reports most to total:

|

Tornado »<—<  Cost

]

Driver »€<—< Variance

Approved for Public Release
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Bridging Engincering and Economics
Since 1973

Not Recommended

Program of Record
Production Phase
All drivers with distributions, based on Rank
-Does not account for correlation between drivers
Calculated with 5000 iterations

Rank Correlation Coefficient
0.00 0.10 0.20 0.30 040 050 060 070 0.80 0.90 1.00

SEPM Factor (69) _

Eng Changes Factor (68) _
Initial Spares Factor (73) _
Training Factor (70) _

PSE Factor (72) _

IATC Hrs/Unit (66) _

Data Factor (71) _

SDD Duration (Months) (44) _
Guidance and Control (86) _ 7
Airframe Weight (Ibs) (65) - | |

—
\\

/

d
7

//

m Variance Analysis NOT accounting for
correlation
m Variance analysis always performed

on BY results (there is no choice)

PR-74, 28 Mar 2011

4 Eng Changes Factor (68) || | I
Training Factor (70) _

Approved for Public Release

Recommended

Program of Record
Production Phase
All drivers with distributions, based on Rank
#Accounts for correlation between drivers
Calculated with 5000 iterations
Partial Rank Correlation Coefficient

0.00 0.10 020 0.30 0.40 0.50 0.60 0.70 0.80
SEPM Factor o) |
Guidance and Control (86) _

0.90 1.00

Initial Spares Factor (73) _ |
PSE Factor (72) _
Airframe Weight (Ibs) (65) _
IATC Hrs/Unit (66) -

SDD Duration (Months) (44) -
Data Factor (71) -

m Account for correlation? between
elements

m Note the significant changes to the results

"Mishra, S., "Sensitivity Analysis with Correlated Inputs - An
Environmental Risk Assessment Example", 1st Crystal Ball User
Conference, Denver, CO, 17-18 June 2004.
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Influence Total Cost

Influence Total Uncertainty

70% Lvl 2 Backload
Production Phase ($964,679)
At 10%, 90% confidence levels

TY $K

Program of Record
Production Phase
All drivers with distributions, based on Rank
Accounts for correlation between drivers
Calculated with 5000 iterations

$900,000  $930,000  $960,000  $990,000 $1,020,000 $1,050,000 Partial Rank Correlation Coefficient

Airframe Weight (Ibs) (65)

Guidance and Control (86)

SEPM Factor (69)

Training Factor (70)

Initial Spares Factor (73)

SDD Duration (Months) (44)

Manuf Labor Rate (67)

Airframe (85)

PSE Factor (72)

Data Factor (71)

0.00 0.10 020 030 0.40 050 060 0.70 0.80 0.90 1.00

___— SEPM Factor o) [N
Eng Changes Factor (68) _

Training Factor (70) _
Initial Spares Factor (73) _
PSE Factor (72) _

Airframe Weight (1bs) (65) [ I

\ aTC Hrsiunit 66) [

sDD Duration (Months) (44) [l

Data Factor (71) _

Guidance and Control (86)

m Tornado identifies variables that most influence Total Cost
e Performed on the Risk Allocated case

B Variance Analysis identifies variables that most influence Total Uncertainty

e Performed on any case

PR-74, 28 Mar 2011
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Summary
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m Use TY Risk Allocated case when creating

e Pareto:
» Find the WBS elements (cost passengers) that drive total cost
» Can be used to identify top contributors to Risk Dollars

e Tornado:
» Find the variables (cost drivers) that drive total cost
» Examine 10/90 uncertainty bounds on potential cost drivers

m Use any case when creating

e Variance Analysis Rollup:
» Find WBS elements (cost passengers) that drive total uncertainty
» Results are sorted based on variance, accounting for correlation

e Variance Analysis Non-rollup :
» Find variables (cost drivers) that drive total uncertainty
» Results are sorted based on rank correlation, accounting for correlation

PR-74, 28 Mar 2011 Approved for Public Release 31 of 31
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A Word or Cautio
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RESEARCH, INC.

B Assessing extreme bounds (10/90%) can lead to very extreme
results depending on modeling methods

e Useful for identifying which variables have the potential to be most
harmful

e Fixed +/- 5% can give PM guidance on what elements have the biggest
impact for a small change, that is give him/her goals he/she can achieve

m Be wary of “Fixed range” testing. Every driver, even those that
are not uncertain (e.g., a units conversion) will be tested unless
the user excludes them

B Tornado charts assess one variable at a time

e Can underestimate the true impact if other variables should move with
the tested one

e Building functional relationships between variables will address this
problem

e If specific combinations of variables are of interest, they should be
examined as specific what-if cases
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B Two statistics sum in asimulation - = arvenice

» Payload
o
Mean » Propulsion
e Variance . Airframe
- * Guidance and C
m Total Variance Zﬂ- _aTec ontrol

e Above formula only true It child elements are mdependent of
each other (o = standard deviation)

n k-1

m Total Variance Zcr +2'Zijkcr O,

=2 j=1I
e This formula accounts Tor Correlatlon (P)

e Reduces to first formula if all correlations are O

B POST measures the correlations first then uses the
second formula to estimate the correlation adjusted
variance for each child element

PR-74, 28 Mar 2011 Approved for Public Release 36 of 31
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B How does one measure the contribution of different
Input types (wgt, factors, rates, etc) On total cost variance?

B Solution: measure correlation

e Compare input distributions to — Warhead Weight (Ibs)

target output distribution * Mator Weight (Ibs)

- : Alrframe W,
e Default is rank correlation by every tool , mrc/-/,s/uijtgh' (Ibs)

Manuf Labor Rate

= ' Air Vehicle Cost

m If correlations are applied to input distributions,
most tools report that “results will be misleading”

e The message is almost always ignored

m POST can account for applied correlation!

e the input with the largest partial correlation coefficient is the input
with the largest contribution to total variance
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3.0%

2.5%

2.0%

1.5%

1.0%

ABS % Different from 10000 result

0.5%

0.0%

Program of Record
Sys Dev and Demo
CV =0.369

0

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Iterations

—50% ====70% — —95%

D@es m@t @@:wemge

3.0%

2.5%

2.0%

1.5%

1.0%

ABS % Different from 50000 result

0.5%

0.0%

Program of Record
Sys Dev and Demo
CV =0.369

o= =

S e cdccccc e .- —-

5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000
Iterations
- = 9%5%

—50% ====70%

m POST Convergence Chart, default settings, for SDD does not demonstrate
convergence

m Need to change POST Convergence report option to more iterations (50k selected)
SDD requires 20k (maybe 25Kk) to converge
m Must reassess all if model changes
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